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ZKLFKWRJHWKHUZLWKVWHULFFRQVLGHUDWLRQVRISRO\VDFFKDULGHELQGLQJWKURXJKWKHDFWLYH189 
VLWHFOHIWLQGLFDWHVWKDWHQGRQFRQWDFWVREVHUYHGEHWZHHQ&KDLQV$DQG%DUHDUWLIDFWVRIFU\VWDOSDFNLQJ190 
7KHVLGHFKDLQVRIWKHFRQVHUYHG*+FDWDO\WLFUHVLGXHV3ODQDVFRPSULVLQJ*OX191 
QXFOHRSKLOH$VSHOHFWURVWDWLF³KHOSHU´DQG*OXDFLGEDVHDUHSUHVHQWHGRQWKHVDPHIDFHRI192 
RQHEVWUDQGESRLQWLQJLQWRWKHDFWLYHVLWHFOHIW1RWDEO\WKHVHUHVLGXHVDUHFRQWDLQHGLQD(;';;(193 
FRQVHQVXVVHTXHQFHWKDWLVW\SLFDORIEDFWHULDO*+ODPLQDULQDVHVȕVSHFLILFHQGRJOXFDQDVHV7KH194 
LQVHUWLRQRIDQH[WUDDPLQRDFLGXQGHUOLQHGW\SLFDOO\PHWKLRQLQHUHVXOWVLQDVRFDOOHG³EEXOJH´195 
VHFRQGDU\VWUXFWXUDOPRWLIWKDWLVQRWIRXQGDPRQJFDQRQLFDOEDFWHULDO0/*DVHVZKLFKLQVWHDGSRVVHVVD196 
UHJXODUȕVWUDQG%DUEH\URQHWDO0LFKHOHWDO197 
&RPPHQVXUDWHZLWKWKLVREVHUYDWLRQWKHFORVHVWHLJKWVWUXFWXUDOKRPRORJVLGHQWLILHGXVLQJWKH198 
'DOLVHUYHU+ROPDQG5RVHQVWURPIHDWXUHDEEXOJHDFWLYHVLWHPRWLI7DEOH66SHFLILFDOO\WKH199 
WRSPDWFK=VFRUH ZDVWKHVWUXFWXUHRIODPLQDULQDVH³=J/DP&*+(6³IURP=REHOOLD200 
JDODFWDQLYRUDQV3'%FRGH&7(/DERXUHOHWDOZKLFKKDVDPLQRDFLGLGHQWLW\DQG201 
VXSHULPSRVHGZLWK%R*+0/*ZLWKDURRWPHDQVTXDUHGHYLDWLRQ506'YDOXHRIcRYHURXW202 
RI&ĮSDLUV,QFRPSDULVRQWKHFORVHVW*+KRPRORJZLWKDUHJXODUDFWLYHVLWHȕVWUDQGZDVWKH203 
OLFKHQDVH0/*DVHIURP3DHQLEDFLOOXVPDFHUDQV3'%FRGH0$&+DKQHWDOZKLFKKDVD204 
FRPSDUDEOH=VFRUHRIDQGDQ506'YDOXHRIDOVRcRYHURXWRI&ĮSDLUVGHVSLWH205 
KDYLQJRQO\DPLQRDFLGLGHQWLW\ZLWK%R*+0/*206 
6RDNLQJFU\VWDOVRIWKHZLOGW\SHHQ]\PHZLWK****\LHOGHGDSURGXFWFRPSOH[ZLWKc207 
UHVROXWLRQ7DEOH67KHFRPSOHWHWHWUDVDFFKDULGHZDVPRGHOOHGLQHOHFWURQGHQVLW\VSDQQLQJVXEVLWHV208 
WRLQWKHDFWLYHVLWHFOHIWRI&KDLQ$ZKLOHWKHHOHFWURQGHQVLW\IRUWKHIRXUWKJOXFRV\OUHVLGXHLQ209 
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VXEVLWHZDVQRWUHVROYHGLQFKDLQ%7KLVLVPRVWOLNHO\GXHWRGLVRUGHURIWKLVUHVLGXHVLQFHWKH210 
FRUUHVSRQGLQJ*OFLQ&KDLQ$LVIXOO\VROYHQWH[SRVHGPDNHVQRFRQWDFWZLWKWKHHQ]\PHDQGKDV211 
VLJQLILFDQWO\KLJKHU%IDFWRUV)LJ%7KHVHVWUXFWXUDOREVHUYDWLRQVDUHFRQVLVWHQWZLWKNLQHWLFGDWDIRU212 
FKURPRJHQLF0/*ROLJRVDFFKDULGHV7DEOHZKLFKOLNHZLVHVXJJHVWWKHH[LVWHQFHRIWKUHHSULPDU\213 
QHJDWLYHVXEVLWHVWRDQGDZHDNO\LQWHUDFWLQJVXEVLWH214 
,QERWK&KDLQ$DQG%WKHWKUHHJOXFRV\OUHVLGXHVVSDQQLQJVXEVLWHVWRDUHZHOOGHILQHGDQG215 
YLUWXDOO\LGHQWLFDO7KHUHGXFLQJHQGJOXFRV\OUHVLGXHLQWKHVXEVLWHLVLQWKHȕFRQIRUPDWLRQZLWKWKH216 
&K\GUR[\OK\GURJHQERQGHGWR7\UZKLFKLVREVHUYHGLQDGXDOFRQIRUPDWLRQLQERWKFKDLQVRIWKH217 
****FRPSOH[)LJ&,QWHUHVWLQJO\WKLVGXDOFRQIRUPDWLRQLVQRWREVHUYHGLQWKHDSRIRUPRIWKH218 
HQ]\PH7\ULV³VZXQJLQ´WRWKHDFWLYHVLWHLQFKDLQ%ZKLOHLWLV³VZXQJRXW´LQFKDLQ$WKH219 
VLGHFKDLQIURPFKDLQ$VWDFNLQJRQWRSRIWKHFKDLQ%VLGHFKDLQ)LJ'7KHFRQIRUPDWLRQRIWKLV220 
VLGHFKDLQZLOOEHNH\WRGHWHUPLQLQJWKHQDWXUHRIWKHSRVLWLYHVXEVWUDWHELQGLQJVXEVLWHVLQGHHG221 
FRPSDULVRQZLWKRWKHU*+HQGRJOXFDQDVHVFOHDUO\VXJJHVWVWKHSUHVHQFHRIWZRSRVLWLYHVXEVLWHV222 
*DLVHUHWDO3ODQDV:KHWKHUWKHG\QDPLFVREVHUYHGIRU7\UDUHDQDUWHIDFWRI223 
FU\VWDOOLVDWLRQRUSHUKDSVSOD\DUROHLQVXEVWUDWHELQGLQJDQGSURGXFWUHOHDVHLVXQFOHDULQWKHDEVHQFHRI224 
DQHQ]\PHVXEVWUDWHFRPSOH[VSDQQLQJWKHSRVLWLYHVXEVLWHV225 
:LWKUHJDUGWRVSHFLILFLQWHUDFWLRQVLQWKHQHJDWLYHVXEVLWHVVXEVLWHLVIXUWKHUFKDUDFWHUL]HGE\226 
K\GURJHQERQGVEHWZHHQ*OXDQGWKH&K\GUR[\O7USDQGWKH&K\GUR[\ODVZHOODV*OX227 
DQGWKHULQJR[\JHQDQGWKH&K\GUR[\O7KLVJOXFRVHLVDOVRSRVLWLRQHGE\DVWDFNLQJLQWHUDFWLRQZLWK228 
7USDQG7US)LJ(ERWKRIZKLFKDUHFRQVHUYHGDFURVVDOO*+ODPLQDULQDVHV$WVXEVLWH229 
KLJKO\FRQVHUYHG$UJIRUPVDK\GURJHQERQGZLWKWKH&K\GUR[\ODQG$VQK\GURJHQERQGVWR230 
WKH&K\GUR[\ODVZHOODVWRWKHJOXFRVLGLFERQGR[\JHQEHWZHHQWKHDQGVXJDUV$QRWKHU231 
FRQVHUYHGUHVLGXH7USVHUYHVDVDSODWIRUPWKDWVWDFNVZLWKWKHVXEVLWHJOXFRVH,QVXEVLWHWKH232 
PDLQLQWHUDFWLRQLVVWDFNLQJDJDLQVW7USZKLFKDOVRIRUPVDK\GURJHQERQGWRWKHJOXFRVLGLFERQG233 
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R[\JHQEHWZHHQWKHDQGVXJDUV)LJ(7RJHWKHUWKHVHLQWHUDFWLRQVLQVXEVLWHDUHUHVSRQVLEOH234 
IRUN-PRORIWUDQVLWLRQVWDWHVWDELOL]DWLRQYLGHVXSUD235 
'RZQVWUHDPVDFFKDULILFDLWRQRIPL[HGOLQNDJHROLJRVDFFKDULGHVSURGXFHGE\%R*+0/*236 
7RHOXFLGDWHWKHPHFKDQLVPIRUWKHGRZQVWUHDPFRQYHUVLRQRIWKHROLJRVDFFKDULGHSURGXFWVRI237 
%R*+0/*WRJOXFRVHIRUSULPDU\PHWDEROLVPZHH[DPLQHGWKHELRFKHPLVWU\RIWKHWZRSUHGLFWHGH[R238 
ȕJOXFRVLGDVHV%R*+0/*DQG%$&29$B*+DVVRFLDWHGZLWKWKH0/*8/239 
&HOOXODUORFDOL]DWLRQRI%R*+0/*DQGWKH%$&29$B*+JHQHSURGXFW240 
%R*+0/*DQG%$&29$B*+ZHUHXQDPELJXRXVO\SUHGLFWHGE\6LJQDO33HWHUVHQHWDO241 
WRFRQWDLQDVHFUHWLRQVLJQDOSHSWLGHZKLOH/LSR3-XQFNHUDQG:LOOHQEURFNDGGLWLRQDOO\242 
LQGLFDWHGD7\SH,,OLSRSURWHLQVLJQDOVHTXHQFH3DHW]HOHWDOLQ%R*+0/*RQO\7KHVDPH%243 
RYDWXVǻWGNFXOWXUHVXVHGIRU%R*+0/*ORFDOL]DWLRQFRQWDLQLQJJOXFRVHRUE0/*DVWKHVROHFDUERQ244 
VRXUFHZHUHSUREHGXVLQJSRO\FORQDODQWLERGLHVLQGHSHQGHQWO\UDLVHGDJDLQVWUHFRPELQDQW%R*+0/*245 
DQGWKH%$&29$B*+JHQHSURGXFW1HLWKHUSURWHLQZDVGHWHFWHGRQWKHFHOOVXUIDFHE\246 
IOXRUHVFHQFHPLFURVFRS\HVSHFLDOO\LQWKHSUHVHQFHRIE0/*ZKLFKLQGXFHV%R*+0/*SURGXFWLRQ247 
)LJ%)LJ6$%R*+0/*LQGXFWLRQE\E0/*ZDVFRQILUPHGE\D:HVWHUQEORWRIFHOOXODU248 
IUDFWLRQVZKLFKDOVRFRQILUPHGWKDWWKLVHQ]\PHLVPHPEUDQHDQFKRUHG)LJ&249 
,QFRQWUDVWWKH%$&29$B*+JHQHSURGXFWZDVGHWHFWHGWRDKLJKHUGHJUHHLQ%250 
RYDWXVFHOOVJURZQLQPLQLPDOPHGLXPZLWKJOXFRVHDVDVROHFDUERQVRXUFHFRPSDUHGWRFHOOVLQGXFHG251 
ZLWKE0/*)LJ6%7KHODFNRIXSUHJXODWLRQE\E0/*LVFRQVLVWHQWZLWKWUDQVFULSWLRQDODQDO\VLV252 
ZKLFKVKRZHGDOLPLWHGFKDQJHLQH[SUHVVLRQLQE0/*YVJOXFRVHIROGZKLFKZDVWZRRUGHUVRI253 
PDJQLWXGHORZHUWKDQGHILQLWLYH0/*8/JHQHV7DEOH67KHKLJKHUGHWHFWLRQLQXQLQGXFHGFHOOVLV254 
H[SODLQHGE\WKHKLJKEDVDOH[SUHVVLRQRI%$&29$B*+PRUHWKDQDQRUGHURIPDJQLWXGH255 
JUHDWHUWKDQDOO0/*8/PHPEHUV7DEOH67KHODFNRIGHWHFWLRQLQPLQLPDOPHGLXPFRQWDLQLQJ256 
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E0/*LVGXHWRKLJKDPRXQWVRILQGXFHG0/*8/SURWHLQVGLPLQLVKLQJWKHSUHVHQFHRIWKH257 
%$&29$B*+JHQHSURGXFWZKHQQRUPDOL]HGWRWRWDOSURWHLQ)LJ6%258 
6XEVWUDWHSURGXFWVSHFLILFLW\RI%R*+0/*DQG%$&29$B*+259 
,QLWLDODFWLYLW\VFUHHQLQJRQFKURPRJHQLFS13JO\FRVLGHVVHH([SHULPHQWDO3URFHGXUHVUHYHDOHG260 
WKDWERWKUHF%R*+0/*DQGUHF%$&29$B*+DUHVSHFLILFH[RȕJOXFRVLGDVHVDFWLYLW\RQRWKHU261 
S13JO\FRVLGHVZDVXQGHWHFWDEOHDWPLFURPRODUHQ]\PHFRQFHQWUDWLRQV+RZHYHU262 
UHF%$&29$B*+LVVWULNLQJO\IHHEOHFRPSDUHGWRUHF%R*+0/*RQ*ȕS13NFDW.PYDOXHVRI263 
P0VYHUVXVP0V)LJ6&6'7DEOH)XUWKHUPHDVXULQJ0LFKHDOLV0HQWHQ264 
NLQHWLFSDUDPHWHUVRQFHOORDQGODPLQDULROLJRVDFFKDULGHVZDVQRWIHDVLEOHGXHWRRYHUDOOSRRUDFWLYLW\265 
DQGORZSURGXFWLRQ\LHOGVGDWDQRWVKRZQ7KHVHNLQHWLFUHVXOWVFRUURERUDWHWKHDERYHFRPSDUDWLYH266 
JHQHWLFDQGWUDQVFULSWLRQDODQDO\VHVFROOHFWLYHO\VXJJHVWLQJ%$&29$B*+LVQRWLQWHJUDOWRWKH267 
0/*8/+HQFHWKLVHQ]\PHZDVQRWFKDUDFWHUL]HGIXUWKHU268 
7RLQYHVWLJDWHROLJRVDFFKDULGHVXEVWUDWHSUHIHUHQFHRIWKH%R*+0/*ZHFRQGXFWHGLQLWLDOUDWH269 
NLQHWLFVDQDO\VHVRQDVHULHVRIJOXFRROLJRVDFFKDULGHVRIGLVWLQFWOLQNDJHFRPSRVLWLRQDQGGHJUHHVRI270 
SRO\PHUL]DWLRQGS7KHQRQUHGXFLQJHQGJOXFRVHZDVK\GURO\]HGIURPDOOȕOLQNHGFHOOR271 
ROLJRVDFFKDULGHVGSDOOȕOLQNHGODPLQDULROLJRVDFFKDULGHVGSDQGPL[HGOLQNDJH272 
ȕȕJOXFRROLJRVDFFKDULGHVGSH[DPSOHVZLWKFRPSDUDEOHHIILFLHQFLHVDFFRUGLQJWR273 
FODVVLF0LFKDHOLV0HQWHQVDWXUDWLRQNLQHWLFV)LJ6(6)7DEOH,QWKLVVHULHVRQO\FHOORELRVH274 
**ZDVSRRUO\K\GURO\]HGE\%R*+0/*YLVjYLVWKHȕOLQNHGFRQJHQHUODPLQDULELRVH**275 
DQGDOORWKHUJOXFRROLJRVDFFKDULGHVHJ**KDVDNFDW.PYDOXHIROGORZHUWKDQ**7DEOH7KH276 
ȕOLQNHGGLJOXFRVLGHJHQWLRELRVH**ZDVDOVRDYHU\SRRUVXEVWUDWHZLWKDNFDW.PYDOXHIROG277 
ORZHUWKDQWKDWRI***OXFRROLJRVDFFKDULGHVZLWKDȕOLQNHGJOXFRV\OXQLWDWWKHQRQUHGXFLQJ278 
HQGDOOKDYHVOLJKWO\KLJKHUNFDWYDOXHVFRPSDUHGWRWKRVHZLWKDEOLQNDJHLQWKLVSRVLWLRQZKLFK279 
W\SLFDOO\FRQWULEXWHVWRKLJKHUNFDW.PYDOXHVIRUWKHIRUPHUZKHQVXEVWUDWHVRIHTXDOGSDUHFRPSDUHG280 
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+RZHYHUWKHPDJQLWXGHRIWKHVHGLIIHUHQFHVZKLFKDUHRIWHQOHVVWKDQIROGLQGLFDWHWKDW%R*+0/*LV281 
HVVHQWLDOO\DJQRVWLFWREYHUVXVEOLQNDJHV7KHVHUHVXOWVDOVRVXJJHVWWKDWLQDGGLWLRQWRDVLQJOH282 
QHJDWLYHVXEVLWHFRPPHQVXUDWHZLWKLWVH[RDFWLYLW\%R*+0/*KDVRQO\WZRSRVLWLYHVXEVLWHVWKDW283 
FRQWULEXWHWRFDWDO\VLVLQHDFKJOXFRROLJRVDFFKDULGHVHULHVWHWUDVDFFKDULGHVDQGODUJHUDUHK\GURO\]HG284 
ZLWKLGHQWLFDONFDW.PYDOXHVWRWKHFRUUHVSRQGLQJWULVDFFKDULGHV285 
3URGXFWDQDO\VLVIROORZLQJH[WHQGHGLQFXEDWLRQRI%R*+0/*ZLWK****DQG***286 
GHPRQVWUDWHGWKDW%R*+0/*FRPSOHWHO\GHJUDGHVWKH%R*+0/*OLPLWGLJHVWSURGXFWVWRJOXFRVH287 
+3/&DOVRUHYHDOHGWKDWODPLQDULELRVH**LVWKHRQO\QHZLQWHUPHGLDWHIRUPHGGXULQJWKHFRXUVHRI288 
K\GURO\VLV)LJ%7KLVGHPRQVWUDWHVWKDW%R*+0/*VHTXHQWLDOO\K\GURO\]HVRQHJOXFRVHXQLWDWD289 
WLPHIURPWKHQRQUHGXFLQJHQGRI0/*ROLJRVDFFKDULGHVYL]****o****DOVRSUHVHQW290 
LQWKHVWDUWLQJPL[WXUHo***o**1RWDEO\WKHLQGLYLGXDONFDWDQG.PYDOXHVIRUHDFKVWHSDUH291 
QHDUO\LGHQWLFDO7DEOH292 
%R*+0/*DQG%$&29$B*+SULPDU\VWUXFWXUHV293 
'HVSLWHH[WHQVLYHHIIRUWVZHZHUHXQDEOHWRFU\VWDOOL]HWKHNH\EJOXFRVLGDVH%R*+$0/*IRU294 
H[SHULPHQWDOWHUWLDU\VWUXFWXUHGHWHUPLQDWLRQ+RZHYHU%R*+0/*KDVVHTXHQFHLGHQWLW\WRD%295 
RYDWXVȕJOXFRVLGDVH%R*+%3'%FRGH-3+HPVZRUWKHWDOIURPWKH[\ORJOXFDQ296 
XWLOL]DWLRQORFXV)LJ6$DQGDVVXFKZDVDPHQDEOHWRWHUWLDU\VWUXFWXUHKRPRORJ\PRGHOOLQJ3K\UH297 
.HOOH\HWDOXWLOL]HG3'%FRGH-3DVWKHVROHWHPSODWHDQGRXWRIUHVLGXHVRIWKH298 
VHTXHQFHH[FOXGLQJWKHVLJQDOSHSWLGHZHUHPRGHOOHGZLWKFRQILGHQFH7KHPRGHOVXJJHVWVWKDW299 
%R*+0/*SRVVHVVHVDKRPRORJRXVWKUHHGRPDLQDUFKLWHFWXUHZLWKWKHDFWLYHVLWHEHLQJIRUPHGDWWKH300 
LQWHUIDFHRIWKHĮȕ7,0EDUUHODQGĮȕVDQGZLFKGRPDLQV)LJ6%7KHSUHGLFWHGFDWDO\WLF301 
QXFOHRSKLOHDQGDFLGEDVHUHVLGXHVDUH$VSDQG*OXUHVSHFWLYHO\EDVHGRQSULPDU\DQGWHUWLDU\302 
DOLJQPHQW)LJ6$6&7ZRWU\SWRSKDQUHVLGXHVZHUHPRGHOOHGRQRSSRVLWHVLGHVRIWKHHQWUDQFHWR303 
WKHDFWLYHVLWHSRFNHW)LJ6'IRUPLQJDQDUURZ³FRLQVORW´ZKLFKPD\HIIHFWDSUHIHUHQFHWRZDUGV304 
Page 14 of 30 
 
 
ȕDQGȕOLQNHGJOXFDQVDQGSRRUDFWLYLW\DJDLQVWȕOLQNHGJHQWLRELRVH7DEOH,Q305 
FRQVWUDVWHQ]\PHVWKDWODFNDKRPRORJRXV7USKDYHDPRUHRSHQHQWUDQFHWRWKHDFWLYHVLWHDQGVKRZ306 
EURDGDFWLYLW\DJDLQVWȕDQGȕOLQNHGJOXFDQVLQDGGLWLRQWRȕDQGȕOLQNHGJOXFDQV307 
.DUNHKDEDGLHWDO3R]]RHWDO308 
,QFRPSDULVRQ%$&29$B*+SRVVHVVFDWDO\WLFUHVLGXHVKRPRORJRXVWR%R*+0/*DQG309 
VLPLODU*+PHPEHUVGHVSLWHKDYLQJRQO\VHTXHQFHLGHQWLW\WR%R*+0/*)LJ6$7KHPRVW310 
VLPLODUFKDUDFWHUL]HG*+PHPEHUWR%$&29$B*+DPRQJFDPHPEHUVLGHQWLILHGLQWKH311 
&$=\LVD&KU\VRVSRULXPOXFNQRZHQVHȕJOXFRVLGDVHZLWKVHTXHQFHLGHQWLW\'RWVHQNRHWDO312 
313 
6\QWHQLF0/*8/DUHPROHFXODUPDUNHUVRI0/*XWLOL]DWLRQDFURVVWKH%DFWHURLGHWHV314 
5HILQHGIXQFWLRQDOFKDUDFWHUL]DWLRQRIWKHFDWDO\WLFVSHFLILFLW\RI*+FRPSRQHQWVVLJQLILFDQWO\315 
LQFUHDVHVFRQILGHQFHLQWKHXVHRILQGLYLGXDO38/VDVJHQHWLFPDUNHUVRIFRPSOH[FDUERK\GUDWH316 
PHWDEROLVPDPRQJ%DFWHURLGHWHV&XVNLQHWDO/DUVEULQNHWDO5RJRZVNLHWDO317 
6RQQHQEXUJHWDO7KH0/*8/FKDUDFWHUL]HGKHUHUHSUHVHQWVWKHRQO\38/LQ%RYDWXVWKDW318 
FRQIHUVJURZWKRQ0/*IURPFHUHDOV7RXQGHUVWDQGWKHZLGHUGLVWULEXWLRQRI0/*PHWDEROLFFDSDFLW\319 
DPRQJV\PELRWLF%DFWHURLGHWHVLQWKHKXPDQJXWZHFRUUHODWHGWKHSUHVHQFHRIDV\QWHQLF0/*8/ZLWK320 
JURZWKRQE0/*IRULQGLYLGXDO%DFWHURLGHWHVVWUDLQVUHSUHVHQWLQJGLIIHUHQWVSHFLHV321 
$WRWDORIVWUDLQVDFURVVMXVWRIWKHVSHFLHVZHUHDEOHWRJURZRQE0/*)LJ,Q322 
SDUWLFXODURI%RYDWXVVWUDLQVLQFOXGLQJWKHW\SHVWUDLQ$7&&JUHZZHOORQE0/*DVZHOO323 
DVRIVWUDLQVRIWKHFORVHO\UHODWHG%[\ODQLVROYHQV7KHPDMRULW\RI%XQLIRUPLVVWUDLQVWHVWHG324 
RXWRIZHUHDOVRFRPSHWHQWE0/*XWLOL]HUV7KHOLPLWHGSHQHWUDQFHRIWKH0/*8/DFURVVWKHJHQXV325 
FOHDUO\GHPRQVWUDWHVQXWULHQWQLFKHVSHFLDOL]DWLRQDPRQJLQGLYLGXDO%DFWHURLGHVVSHFLHV326 
&RPSDUDWLYHDQDO\VLVRIDYDLODEOHJHQRPLFVHTXHQFHVUHYHDOHGWKDWVWUDLQVDEOHWRJURZRQ327 
E0/*DVWKHVROHFDUERQVRXUFHKDUERUDV\QWHQLF0/*8/)LJ%3UHYLRXVWUDQVFULSWLRQDODQDO\VLV328 
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GHPRQVWUDWHGWKDWWKHV\QWHQLF0/*8/IRXQGLQ%FHOOXORVLO\WLFXVLVDOVRDFWLYDWHGGXULQJJURZWKRQ329 
E0/*0F1XOW\HWDO&RQFRUGDQFHEHWZHHQWKHSUHVHQFHRIDV\QWHQLF0/*8/DQGWKHDELOLW\330 
WRXWLOL]H0/*LVIXUWKHUKLJKOLJKWHGE\WKHODFNRID0/*8/LQWKH%XQLIRUPLV$7&&RQHRI331 
RQO\WZRVWUDLQVRI%XQLIRUPLVWKDWFRXOGQRWJURZRQE0/*%DVHGRQWKLVDQDO\VLVZHFDQDOVRSUHGLFW332 
0/*XWLOL]DWLRQDELOLW\LQWZRVHTXHQFHGVSHFLHVRI3UHYRWHOOD3UFRSUL'60DQG3UPXOWLIRUPLV333 
'60LPSRUWDQWPHPEHUVRIWKH%DFWHURLGHWHVIURPWKHKXPDQJXWDQGRUDOFDYLW\UHVSHFWLYHO\334 
)LJ%335 
'LVFXVVLRQ336 
$PROHFXODUPRGHOIRU0/*XWLOL]DWLRQE\B. ovatus 337 
2XUFXUUHQWVXLWHRIGDWDVXJJHVWVDPRGHOE\ZKLFKWKH0/*8/JHQHSURGXFWVZRUNLQFRQFHUW338 
WRHQDEOHWKHXWLOL]DWLRQRI0/*)LJDQDORJRXVWRWKDWRIRWKHU38/HQFRGHGV\VWHPV*URQGLQHWDO339 
7KXV%R*+0/*LVDQFKRUHGWRWKHRXWHUPHPEUDQHZKHUHLWSOD\VDOHDGLQJUROHLQIUDJPHQWLQJ340 
ODUJH0/*SRO\VDFFKDULGHFKDLQVW\SLFDOGS±GHSHQGLQJXSRQWKHSODQWVSHFLHVRIRULJLQ341 
/D]DULGRXHWDO=KHQJHWDOLQWRROLJRVDFFKDULGHVWKDWFDQEHLPSRUWHGLQWRWKHSHULSODVP342 
YLDWKH7%'71RWDEO\WKHVSHFLILFOLPLWGLJHVWSURGXFWVRI%R*+0/*HQGRK\GURO\VLVLGHQWLILHGKHUH343 
YL]WKHWULVDFFKDULGH***DQGWKHWHWUDVDFFKDULGH****)LJ%KDYHEHHQVKRZQSUHYLRXVO\WR344 
ELQGWKHSHULSODVPLFVHQVRUGRPDLQRIWKH+7&6HQFRGHGE\%$&29$B.'ȝ0DQGȝ0345 
UHVSHFWLYHO\ZKLOHWKHLQWDFW0/*SRO\VDFFKDULGHGRHVQRW0DUWHQVHWDO0RQRPHULFJOXFRVH346 
DOOȕOLQNHGFHOORROLJRVDFFKDULGHVDQGDOOȕOLQNHGODPLQDULROLJRVDFFKDULGHVDUHDOVRQRW347 
ERXQGE\WKH+7&60DUWHQVHWDOLQGLFDWLQJWKDWWKHXQLTXHOLQNDJHVSUHVHQWLQ0/*DUHFHQWUDO348 
WRLQGXFLQJWKH0/*8/V\VWHP7KXVWKHUHLVDQHVVHQWLDO\HWGLVWDQWLQWHUSOD\EHWZHHQWKHRXWHU349 
PHPEUDQHORFDOL]HG0/*DVHDQGWKH+7&6LQVSHFLILFQXWULHQWVHQVLQJ350 
,WLVWKHUHIRUHOLNHO\WKDWWKH%R*+0/*OLPLWGLJHVWSURGXFWVRUPLQLPDOUHSHDWVRIWKHVH351 
VWUXFWXUHV>****P***Q@FRPSULVHWKHPDLQSURGXFWVWUDQVSRUWHGWKURXJKWKH7%'7LQYLYR352 
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5HFHQWVWXGLHVRQLQXOLQȕIUXFWDQXWLOL]DWLRQVXJJHVWWKDWVRPH7%'7VDUHDEOHWRLPSRUWORQJHU353 
SRO\VDFFKDULGHFKDLQVHJGS!5DNRII1DKRXPHWDO5HJDUGOHVVRIOHQJWKWKHHIILFLHQW354 
H[RK\GURO\WLFDFWLYLW\RI%R*+0/*LQWKHSHULSODVPLVVXIILFLHQWWRFRPSOHWHO\VDFFKDULI\DOOLPSRUWHG355 
ROLJRVDFFKDULGHVWRJOXFRVH)LJ%WRIHHGSULPDU\PHWDEROLVPLQWKHF\WRVRO,QWKLVSURFHVVWKH356 
WULVDFFKDULGHVXEVWUDWHRIWKH+7&6***ZLOODOZD\VEHJHQHUDWHGUHJDUGOHVVRIWKHLPSRUWHG357 
VDFFKDULGHFKDLQOHQJWKHQVXULQJFRQWLQXDOSURGXFWLRQRIWKH0/*8/XSUHJXODWLRQVLJQDOXQWLOVXEVWUDWH358 
LVH[KDXVWHG,QWHUHVWLQJO\%R*+0/*ZLOOQHYHUHQFRXQWHUFHOORELRVH**WRZDUGVZKLFKLWKDV359 
UHODWLYHO\ZHDNDFWLYLW\)LJ6)7DEOHLQWKLVSURFHVVWKHILQDOVWHSRIVDFFKDULILFDWLRQRI0/*2VLV360 
WKHK\GURO\VLVRIWKHFRPSHWHQWVXEVWUDWHODPLQDULELRVH**361 
6WUXFWXUDOHQ]\PRORJ\UHYHDOVFRPSOH[WUDMHFWRULHVIRUWKHHYROXWLRQRI0/*DFWLYLW\LQ*+362 
3UHYLRXVSK\ORJHQHWLFDQDO\VHVRI*+KDYHVXJJHVWHGWKDWWKHHYROXWLRQRIWKHDFWLYHVLWHȕ363 
EXOJHPRWLI(;';;(ZKLFKLVZLGHVSUHDGDPRQJ&ODQ*+%FRPSULVLQJ*+DQG*+WRDUHJXODU364 
ȕVWUDQGPRWLI(;';(LVDGHILQLQJIHDWXUHWKDWGHOLQHDWHVHQGRȕJOXFDQDVHVODPLQDULQDVHV(&365 
DQG(&IURPPL[HGOLQNDJHHQGRȕȕJOXFDQDVHVOLFKHQLQDVHV(&366 
UHVSHFWLYHO\%DUEH\URQHWDO0LFKHOHWDO,QWKLVFRQWH[WWKHREVHUYDWLRQWKDW367 
%R*+0/*LVKLJKO\VSHFLILFIRU0/*GHVSLWHKDYLQJDȕEXOJHPRWLIZDVVXUSULVLQJ368 
8VLQJWKH&$=\'DWDEDVHDVDVWDUWLQJSRLQWKWWSZZZFD]\RUJ*+BFKDUDFWHUL]HGKWPO369 
WRJHWKHUZLWKPLQLQJRIWKHSULPDU\OLWHUDWXUHZHJHQHUDWHGDFRQWHPSRUDU\PD[LPXPOLNHOLKRRG370 
SK\ORJHQ\RIDOOELRFKHPLFDOO\FKDUDFWHUL]HG*+PHPEHUV)LJ67KLVDQDO\VLVLQGLFDWHVWKDW371 
DOWKRXJKFDQRQLFDOQRUPDOȕVWUDQG0/*DVHVGRIRUPDPRQRSK\OHWLFJURXSDVSUHYLRXVO\REVHUYHG372 
0/*DVHDFWLYLW\LVLQIDFWZLGHVSUHDGDPRQJWKHKLVWRULFDO³ODPLQDULQDVH´JURXSLQZKLFK%R*+0/*373 
LVLWVHOISRVLWLRQHG'HVSLWHFXUUHQWO\OLPLWHGDQGGLVSDUDWHNLQHWLFGDWDIRULQGLYLGXDOHQ]\PHVLWDOVR374 
DSSHDUVWKDWLWLVQRWSRVVLEOHWRGHILQHIXUWKHUVXEVWUDWHVSHFLILFFODGHVZLWKLQWKLVJURXSEDVHGRQ375 
PROHFXODUSK\ORJHQ\DORQHLQOLJKWRIZHDNERRWVWUDSVXSSRUW7KLVSUHFOXGHVGHILQLQJDQ\VLQJOH376 
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HYROXWLRQDU\HYHQWJLYLQJULVHWRXQLTXHWUDMHFWRULHVIRUWKHIXUWKHUGLYHUVLILFDWLRQRIH[WDQWODPLQDULQDVHV377 
DQG0/*DVHVLQWKLVFODGH,QVWHDGLWDSSHDUVWKDWGLYHUVHVXEWOHPXWDWLRQVKDYHDOORZHGWKHLQGHSHQGHQW378 
HYROXWLRQRISUHGRPLQDQWODPLQDULQDVHRU0/*DVHDFWLYLW\QXPHURXVWLPHVDFURVVDIODWHYROXWLRQDU\379 
ODQGVFDSH$VVXFKZHVXJJHVWWKDWWKLV*+VXEJURXSVKRXOGEHPRUHJHQHUDOO\UHIHUUHGWRDVWKH380 
³ODPLQDULQDVH0/*DVHJURXS´JRLQJIRUZDUG381 
'HWDLOHGWHUWLDU\VWUXFWXUDOFRPSDULVRQRIȕEXOJHFRQWDLQLQJPHPEHUVRIWKLV382 
ODPLQDULQDVH0/*DVHJURXSUHYHDOHGKRZHYHUWKDWSUHGRPLQDQWODPLQDULQDVHVKDUERUDVLJQLILFDQWO\383 
PRUHSURWUXGLQJORRSZKLFKLVRIWHQEXWQRWDOZD\VORQJHUFRQQHFWLQJVWUDQGVȕDQGȕWKDQ384 
SUHGRPLQDQW0/*DVHV)LJ6$6%6WUXFWXUDOVXSHUSRVLWLRQZLWKWKH%R*+0/*****385 
FRPSOH[LQGLFDWHVWKDWWKLVORRSLQSUHGRPLQDQWODPLQDULQDVHVZRXOGFODVKZLWK0/*LQWKHQHJDWLYH386 
VXEVLWHVLQVWHDGIDYRULQJELQGLQJRIDQDOOȕJOXFDQWKDWFXUYHVDZD\IURPWKLVORRS6XFKFXUYDWXUH387 
LVH[HPSOLILHGE\WKH=J/DP&*+(6WKLRȕWULVDFFKDULGHVWUXFWXUH)LJ6$3'%FRGH&7(388 
/DERXUHOHWDO,QGHHG,ODULHWDOREVHUYHGWKDWVKRUWHQLQJWKHKRPRORJRXVORRSLQ/DP$IURP389 
WKHDUFKHRQ3\URFRFFXVIXULRVXV)LJ6$3'%FRGH9<E\DPLQRDFLGVLQFUHDVHGWKHDFWLYLW\390 
WRZDUGV0/*E\IROG,ODULHWDO/LNHZLVH%JO)IURP1RFDUGLRSVLVVS))LJ6%3'%391 
FRGH+<.DQG/DP5IURP5KRGRWKHUPXVPDULQXV)LJ6%3'%FRGH,/1ZKLFKKDYHDDQG392 
IROGJUHDWHUVSHFLILFLW\FRQVWDQWDQGVSHFLILFDFWLYLW\UHVSHFWLYHO\WRZDUG0/*WKDQODPLQDULQDOVR393 
KDYHDVPDOOHUORRSVLPLODUWR%R*+0/*LQWKLVSRVLWLRQ7KHFDQRQLFDOUHJXODUȕVWUDQG0/*DVH394 
IURP3DHQLEDFLOOXVPDFHUDQV)LJ6&3'%FRGH0$&DQG%DFLOOXVOLFKHQLIRUPLV)LJ6&3'%395 
FRGH*%*VLPLODUO\KDYHDVPDOOORRSDWWKLVSRVLWLRQ396 
7DNHQWRJHWKHUWKHVHDQDO\VHVUHYHDODFRPSOH[HYROXWLRQDU\ODQGVFDSHWKDWFRPSXWDWLRQDO397 
SK\ORJHQHWLFDQDO\VLVIDLOVWRUHVROYH'HVSLWHXVLQJDPDQXDOO\FXUDWHGVWUXFWXUHEDVHGVHTXHQFH398 
DOLJQPHQWDVLQSXWWKHPD[LPXPOLNHOLKRRGQXPHULFDODSSURDFKGLGQRWGHOLQHDWHWKHPHPEHUVRIWKH399 
ODPLQDULQDVH0/*DVHJURXSRQWKHEDVLVRIWKHGLVWLQFWDFWLYHVLWHORRSGLIIHUHQFHVREVHUYHGLQWHUWLDU\400 
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VWUXFWXUHV)LJ6,QVWHDGWKHSK\ORJHQ\ZDVOLNHO\REIXVFDWHGE\GLYHUVHUDQGRPYDULDWLRQVLQDPLQR401 
DFLGFRPSRVLWLRQDFURVVWKHHQWLUHȕVDQGZLFKGRPDLQZKLFKFOHDUO\OLPLWVODUJHVFDOHXQVXSHUYLVHG402 
SK\ORJHQHWLFDQDO\VLVRIWKHVH*+PHPEHUV0RUHRYHUDQDO\VLVRIERWK0/*DQGODPLQDULQ403 
VSHFLILFLW\DVDPLQLPXPIRULQGLYLGXDOPHPEHUVRIWKLVJURXSLQOLJKWRIWKHLUWHUWLDU\VWUXFWXUHVLV404 
HVVHQWLDOWRDYRLGSRWHQWLDOPLVDQQRWDWLRQRIWKHVHHQ]\PHV405 
0LQLQJPHWDJHQRPLFGDWDUHYHDOVWKHXELTXLW\RI0/*XWLOL]DWLRQLQWKHKXPDQJXWDQGEH\RQG406 
8VLQJV\QWHQLF0/*8/VDVJHQHWLFPDUNHUVZHVXUYH\HGWKHSXEOLFO\DYDLODEOHPHWDJHQRPH407 
GDWDRIDGXOWVWRXQGHUVWDQGWKHFDSDFLW\RIKXPDQSRSXODWLRQVWRGHULYHQXWULWLRQIURPFHUHDO0/*V408 
:HZHUHDEOHWRGLVWLQJXLVKWKHVSHFLHVRIRULJLQEDVHGRQQXFOHRWLGHVHTXHQFHH[FHSWIRU0/*8/VIURP409 
%RYDWXVDQG%[\ODQLVROYHQVZKLFKZHUHVWULNLQJO\VLPLODUDWQXFOHRWLGHLGHQWLW\7KH%RYDWXV%410 
[\ODQLVROYHQVDQG%XQLIRUPLV0/*8/VDUHWKHPRVWSUHYDOHQWERWKDUHREVHUYHGLQDERXWRIWKH411 
WRWDOKXPDQFRKRUW)LJ7KH3UFRSUL0/*8/LVPRUHRIWHQWKHVROH0/*8/RIDQLQGLYLGXDOWKDQ412 
WKDWRI%FHOOXORVLO\WLFXVZKHQRQO\RQHLVSUHVHQW)LJF\DQOLQHVGHVSLWHWKHODWWHUEHLQJPRUH413 
IUHTXHQWLQWRWDO2YHUDOORIWKHVXEMHFWVKDUERUDWOHDVWRQHRIWKHILYHGLIIHUHQW0/*8/V414 
LGHQWLILHGLQWKLVVWXG\LUUHVSHFWLYHRIQDWLRQDOLW\RUZKHWKHUWKH\KDYHEHHQGLDJQRVHGZLWK,%'415 
0/*8/VDUHXELTXLWRXVO\GHWHFWDEOHGHVSLWHYDULDELOLW\LQVDPSOLQJGHSWKDFURVVGLIIHUHQWPHWDJHQRPLFV416 
VHTXHQFLQJSURMHFWV)LJ7KHSUHYDOHQFHRI0/*8/VDFURVVGLIIHUHQWQDWLRQDOLWLHVLVFRQVLVWHQWZLWK417 
0/*IURPFHUHDOJUDLQVEHLQJDXELTXLWRXVFRPSRQHQWRIWKHKXPDQGLHW,QGHHGWKHLPSRUWDQFHRI418 
0/*XWLOL]DWLRQLVXQGHUVFRUHGE\WKHXSUHJXODWLRQRIWKH0/*8/LQWKHFHFDRIPLFHIHGDFRPSOH[419 
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7DEOHV6DQG6677 
)LJXUH%R*+0/*VWUXFWXUDOELRORJ\$WKHRYHUDOOVWUXFWXUHRIWKH%R*+0/*****678 
DV\PPHWULFXQLWFRQWDLQLQJWZRSRO\SHSWLGHFKDLQVVKRZQIURPRUWKRJRQDOYLHZVZLWKWKHERXQG679 
ROLJRVDFFKDULGHVLQ\HOORZDQGWKHWUDQVSDUHQWVXUIDFHUHSUHVHQWDWLRQLQZKLWH&KDLQ$FDUWRRQLVVKRZQ680 
LQF\DQDQGFKDLQ%FDUWRRQLVVKRZQLQVODWHEOXHWKURXJKRXWWKHILJXUH%0L[HGOLQNDJH681 
WHWUDVDFFKDULGHOLJDQGPRGHOOHGLQWRFKDLQ$RI%R*+0/*ZLWKWKHRSDTXHVXUIDFHUHSUHVHQWDWLRQLQ682 
JUD\DQGWKHROLJRVDFFKDULGHFRORUHGDFFRUGLQJWR%IDFWRUV7KHJOXFRVHLQVXEVLWHLVRXWVLGHRIWKH683 
DFWLYHVLWHFOHIWDQGKDVVLJQLILFDQWO\KLJKHU%IDFWRUWKDQWKHJOXFRVHXQLWVLQVXEVLWHVWR&7\U684 
URWDPHUVREVHUYHGLQWKHFRPSOH[VWUXFWXUHZLWKWKH)R)FPDSRIWKHW\URVLQHVVKRZQFRQWRXUHGDWı685 
LQJUH\'7\UUHVLGXHVREVHUYHGLQWKHDSRVWUXFWXUHZLWKWKH)R)FPDSRIWKHW\URVLQHVVKRZQ686 
FRQWRXUHGDWıLQJUH\(:DOOH\HGVWHURYLHZRIWKHDFWLYHVLWHRIFKDLQ$RIWKH687 
%R*+0/*****FRPSOH[+\GURJHQERQGLQJLQWHUDFWLRQVDUHVKRZQDVGDVKHGEODFNOLQHVVXJDUV688 
DUHVKRZQLQ\HOORZZLWKLWV)R)FPDSFRQWRXUHGDWıLQRUDQJHDQGWKHFRQVHUYHG*+DFWLYHVLWH689 
UHVLGXHVVKRZQLQSXUSOH+\GURSKRELFVWDFNLQJLQWHUDFWLRQVLQDGGLWLRQWRK\GURJHQERQGVSRVLWLRQWKH690 
PL[HGOLQNDJHROLJRVDFFKDULGHLQWKHQHJDWLYHVXEVLWHRI%R*+0/*6HHDOVR)LJXUHV6DQG67DEOHV691 
6DQG6692 
)LJXUH3HQHWUDQFHPDSRI0/*XWLOL]DWLRQDELOLW\DFURVVGLYHUVHKXPDQJXW%DFWHURLGHWHV7KH693 
SK\ORJHQHWLFWUHHZDVFRQVWUXFWHGIURPIXOO\VHTXHQFHGVWUDLQVRIWKHVSHFLHVVKRZQ7KHQXPEHURI694 
VWUDLQVRIHDFKVSHFLHVWHVWHGIRUJURZWKLVGHSLFWHGWRVFDOHDVDEODFNFLUFOHDWHDFKOHDI7KHQXPEHURI695 
WKRVHVWUDLQVWKDWJUHZRQE0/*DVDVROHFDUERQVRXUFHLVVKRZQWRVFDOHLQUHGZLWKLQWKHEODFNFLUFOH696 
)LJXUH0RGHORIPL[HGOLQNDJHȕJOXFDQVDFFKDULILFDWLRQE\WKHFRQFHUWHGDFWLRQRIWKH0/*8/697 
PDFKLQHU\*HQHSURGXFWVDUHFRORUHGDQDORJRXVO\WRWKHJHQHORFXVLQ)LJ7KHFHOOVXUIDFHORFDOL]HG698 
HQGR0/*DVH%R*+0/*FOHDYHODUJHPL[HGOLQNDJHȕJOXFDQSRO\VDFFKDULGHVLQWRVKRUWHUIUDJPHQWV699 
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JOXFRVLGDVHV%R*+0/*DQG%$&29$B*+DFWIURPWKHQRQUHGXFLQJHQGVWROLEHUDWH704 
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FRUUHVSRQGLQJVSHFLHVUHODWHG0/*8/LQDVLQJOHLQGLYLGXDO7KHWRWDOQXPEHURI0/*8/VREVHUYHGLQ708 
DQLQGLYLGXDOLVVKRZQLQWKHERWWRPURZFRORUHGDFFRUGLQJWRWKHOHJHQGLQWKHWRSOHIWFRUQHU7KH709 
IUHTXHQF\RI0/*8/RFFXUUHQFHDFURVVDOOLQGLYLGXDOVLVVKRZQRQWKHULJKW9DULDWLRQLQ710 
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LQGLYLGXDOVXEMHFWVDQGEODFNOLQHVVKRZWKHDYHUDJHGHSWKRIHDFKPHWDJHQRPLFVSURMHFW712 
 713 
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Chinese
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)LJXUH
 6XSSOHPHQWDO,QIRUPDWLRQ
6XSSOHPHQWDO)LJXUHV


)LJXUH6UHODWHGWRILJXUH*URZWKSURILOHRI%RYDWXVVWUDLQV
%RYDWXVǻWGNZWDQG%RYDWXVǻ0/*8/ZKROH38/NQRFNRXWZHUHFXOWXUHGLQPLQLPDOPHGLXPFRQWDLQLQJ
HLWKHUJOXFRVHRUE0/*DVWKHVROHFDUERQVRXUFHDYHUDJHRIQ JURZWKVSHUVWUDLQ


6XSSOHPHQWDO7H[WDQG)LJXUHV
 
)LJXUH6UHODWHGWR)LJXUH(Q]\PHORFDOL]DWLRQDQDO\VLV
$SKDVHFRQWUDVWDQGFRUUHVSRQGLQJIOXRUHVFHQFHPLFURVFRSHLPDJHVRI%RYDWXVǻWGNFHOOVJURZQLQPLQLPDOPH
GLXPZLWKE0/*DVWKHVROHFDUERQVRXUFHSUREHGZLWKFXVWRPSRO\FORQDODQWLERGLHVDJDLQVWUHF%$&29$B
*+%:HVWHUQEORWRISURWHLQFROOHFWHGIURPWKHFXOWXUHVXSHUQDWDQWFHOOO\VDWHVXSHUQDWDQWDQGFHOOO\VDWH
PHPEUDQHIUDFWLRQRI%RYDWXVǻWGNFHOOVJURZQLQPLQLPDOPHGLXPZLWKJOXFRVHRUE0/*DVDVROHFDUERQVRXUFH
3KDVHFRQWUDVWDQGFRUUHVSRQGLQJIOXRUHVFHQFHPLFURVFRSHLPDJHVRIZLOGW\SH%RYDWXVFHOOVJURZQLQPLQLPDO
PHGLXPZLWKJOXFRVHDVWKHVROHFDUERQVRXUFHSUREHGZLWKFXVWRPSRO\FORQDODQWLERGLHVDJDLQVWUHF%R*+0/*
&UHF%R*+0/*'DQGUHF%$&29$B*+(3KDVHFRQWUDVWDQGFRUUHVSRQGLQJIOXRUHVFHQFHPLFUR
VFRSHLPDJHVRI%RYDWXVǻ0/*8/FHOOVJURZQLQPLQLPDOPHGLXPZLWKJOXFRVHDVWKHVROHFDUERQVRXUFHSUREHG
ZLWKFXVWRPSRO\FORQDODQWLERGLHVDJDLQVWUHF%R*+0/*)UHF%R*+0/**DQGUHF%$&29$B*+
+

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)LJXUH6UHODWHGWR)LJXUH3XULW\DQGPROHFXODUPDVVRIUHFRPELQDQW0/*8/SURWHLQV
$6'63$*(RIUHF%R*+0/*UHF%R*+0/*DQGUHF%$&29$B*+%5HFRQVWUXFWHGPDVVVSHFWUXP
RILQWDFWUHF%R*+0/*7KHVHFRQGSHDNDW'DIURPWKHPDLQSHDNLVDVSHFLHVWKDWKDVEHHQVSRQWDQHRXVO\
SKRVSKRJOXFRQR\ODWHGDWWKH1WHUPLQDOKLVWDJGXULQJSURGXFWLRQLQ(FROL*HRJKHJDQHWDO&
5HFRQVWUXFWHGPDVVVSHFWUXPRILQWDFWUHF%R*+0/*'5HFRQVWUXFWHGPDVVVSHFWUXPRILQWDFWUHF%$&2
9$B*+
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)LJXUH6UHODWHGWR)LJXUH,QLWLDOUDWHNLQHWLFDQDO\VLVRI0/*8/*+V
$%R*+0/*DJDLQVW**ȕ&13DQG**ȕS13ILWWHGWRDOLQHDUHTXDWLRQ%%R*+0/*DJDLQVW***ȕ
&13DQG****ȕ&13ILWWHGWRWKH0LFKHDOLV0HQWHQHTXDWLRQ&%R*+0/*DJDLQVWJOXFRVHȕS13ILWWHGWR
WKH0LFKHDOLV0HQWHQHTXDWLRQ'%$&29$B*+DJDLQVWJOXFRVHȕS13ILWWHGWRWKH0LFKHDOLV0HQWHQ
HTXDWLRQ(%R*+0/*DJDLQVWROLJRVDFFKDULGHVZLWKDȕERQGDWWKHQRQUHGXFLQJHQG'%R*+0/*ZLWK
ROLJRVDFFKDULGHVZLWKDȕERQGDWWKHQRQUHGXFLQJHQG&XUYHILWWLQJZDVGRQHRQ2ULJLQ3URDQGHUURU
EDUVUHSUHVHQWVWDQGDUGGHYLDWLRQVIURPWKHPHDQ
 
 )LJXUH6UHODWHGWR)LJXUH3ULPDU\DQGWHUWLDU\VWUXFWXUHDQDO\VLVRI%R*+0/*
$6WUXFWXUHEDVHGVHTXHQFHDOLJPQPHQWRI%R*+0/*DQG%$&29$B*+ZLWKVWUXFWXUDOO\FKDUDFWHUL]HG
*+ȕJOXFRVLGDVHV3RUWLRQVRIWKHDOLJQPHQWKDYHEHHQUHPRYHGIRUEUHYLW\DQGEUHDNVDUHLQGLFDWHGE\GRXEOH
KDVKOLQHV5HGKLJKOLJKWVLQGLFDWHLQYDULDQWSRVLWLRQVEOXHRXWOLQHVLQGLFDWHVLPLODUSRVLWLRQVDQGJUHHQDUURZVLQGL
FDWHFDWDO\WLFUHVLGXHV$OLJQPHQWLOOXVWUDWLRQFUHDWHGZLWK(63ULSW*RXHWHWDO%+RPRORJ\PRGHORI
%R*+0/*JHQHUDWHGE\3K\UH7KHĮȕ7,0EDUUHOEOXHLVFRQQHFWHGE\DOLQNHUWHDOWRDFHQWUDOĮȕ
VDQGZLFKRUDQJHLQWXUQFRQQHFWHGE\DOLQNHUSLQNWRD&WHUPLQDOILEURQHFWLQW\SH,,,)1,,,GRPDLQUHG
7KHEODFNER[LQGLFDWHVWKHORFDWLRQRIWKHDFWLYHVLWH&&DWDO\WLFVLWHRI%R*+0/*ZLWKDERXQGJOXFRVHIURPWKH
;\*8/%R*+%RYHUOD\LQWKHDFWLYHVLWHSRFNHW7KHFDWDO\WLFQXFOHRSKLOH$VSDQGFDWDO\WLFDFLGEDVH*OX
DUHVKRZQDVVWLFNV'6XUIDFHUHSUHVHQWDWLRQRIWKHHQWUDQFHWRWKH%R*+0/*DFWLYHVLWHZLWKWKHWZRWU\SWR
SKDQUHVLGXHVWKDWOLQHWKHSRVLWLYHVXEVLWHVKRZQLQZKLWH 
 



 )LJXUH6UHODWHGWR)LJXUH3K\ORJHQHWLFWUHHRIFKDUDFWHUL]HG*O\FRVLGH+\GURODVH)DPLO\VHTXHQFHV
&ODGHVGLVWLQJXLVKLQJPDMRUVXEVWUDWHVSHFLILFLWLHVVHHKWWSVZZZFD]\SHGLDRUJLQGH[SKS*+DUHUHSUHVHQWHG
E\DWOHDVWPHPEHUV/HDIQDPHVFRQWDLQ*HQ%DQNDFFHVVLRQQXPEHUHQ]\PHQDPHRUJDQLVPRIRULJLQDQGD
3'%FRGHZKHUHDYDLODEOH%RRWVWUDSYDOXHVDUHVKRZQIRUHDFKQRGH7KHGRWWHGKRUL]RQWDOOLQHVHSDUDWHV*+)DPL
O\HQ]\PHVZLWKDFWLYHVLWHUHVLGXHVRQDUHJXODUȕVWUDQGIURPWKRVHZLWKDEXOJHGȕVWUDQG7KHFODGHKLJKOLJKW
HGZLWKDEOXHEDFNJURXQGLVWUDGLWLRQDOO\UHIHUUHGWRDVD³ODPLQDULQDVH´(&JURXS\HWRXUFXUUHQWOLWHUD
WXUHDQDO\VLVDOVRLQGLFDWHVWKHSUHVHQFHRISUHGRPLQDQW0/*DVHV(&:KHUHNQRZQELRFKHPLFDOO\GHWHU
PLQHGDFWLYLWLHVDUHVKRZQQH[WWRVHOHFWVHTXHQFHVZLWKWKHSUHGRPLQDQWDFWLYLW\GLVSOD\HGLQEROGW\SHLQGL
FDWHVEHWWHUDFWLYLW\LQGLFDWHVSRRUHUDFWLYLW\LQGLFDWHVQRDFWLYLW\DQG"LQGLFDWHVWKDWVSHFLILFDFWLYLW\GDWD
LVXQDYDLODEOH5HSRUWHGDFWLYLWLHVDUHEDVHGRQWKHIROORZLQJUHIHUHQFHV$/DERXUHOHWDO%.LWDPXUDHW
DO&.RED\DVKLHWDO'+RQJHWDO(/LHWDO)0DVXGDHWDO*.UDK
HWDO+,ODULHWDO,)XFKVHWDO-=YHUORYHWDO.*RUODFKHWDO/
1DNDMLPDHWDO0.DZDLHWDO1/DERXUHOHWDO2+RQJDQG0HQJ33DXFKHW
HWDO4*HQWDHWDO5.XPDJDLDQG2MLPD6.RYDOFKXNHWDO
 

 )LJXUH6UHODWHGWR)LJXUH%R*+0/*ORRSFRPSDULVRQZLWKODPLQDULQDVHVDQG0/*DVHV
%R*+0/*F\DQLVVWUXFWXUDOO\DOLJQHGZLWKDOODYDLODEOHȕEXOJHFRQWDLQLQJODPLQDULQDVHV0/*DVHVDQGWZR
UHSUHVHQWDWLYHUHJXODUȕVWUDQGHGFDQRQLFDOOLFKHQDVHVZKLWH3'%,'RIWKHFRPSDUHGVWUXFWXUHVKRZQEHORZHDFK
DOLJQPHQW7KH%R*+0/*ORRSLVFRORUHGEOXHDQGWKHORRSRIWKHFRPSDUHGVWUXFWXUHLVFRORUHGRUDQJH7KH
%R*+0/*FDWDO\WLFUHVLGXHVDQGPL[HGOLQNDJHROLJRVDFFKDULGH****LQFRPSOH[ZLWK%R*+0/*DUHDOVR
VKRZQLQF\DQ7KHWKLRȕWULVDFFKDULGHLQFRPSOH[ZLWK=J/DP&*+(63'%FRGH&7(LVVKRZQLQJUHHQ
$ȕEXOJHFRQWDLQLQJODPLQDULQDVHV%ȕEXOJHFRQWDLQLQJ0/*DVHV&UHJXODUȕVWUDQGHG0/*DVHVFDQRQLFDO
OLFKHQDVHV
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
 6XSSOHPHQWDO7DEOHV

7DEOH6UHODWHGWR)LJXUH7UDQVFULSWLRQDOH[SUHVVLRQRI0/*8/DQGQHLJKERULQJJHQHVD

D0LFURDUUD\UHVXOWVRIXSUHJXODWLRQXQGHUE0/*LQGXFWLRQQRUPDOL]HGWRDJOXFRVHEDFNJURXQGDUHVKRZQZLWK
0/*8/JHQHVLQEROGW\SH9DOXHVUHSRUWHGDVDYHUDJHVDQGVWDQGDUGGHYLDWLRQVRIWZRELRORJLFDOUHSOLFDWHV'DWD
DUHIURP0DUWHQVHWDO
E/RFL%$&29$BDQG%$&29$BDUHSUHGLFWHGWRHQFRGHGSURWHLQVRIRQO\DQGDPLQRDFLGV
UHVSHFWLYHO\DQGZHUHWKHUHIRUHOLNHO\WRKDYHEHHQRULJLQDOO\PLVDQQRWDWHGEDVHGRQOLPLWHGUHJLRQDOVHTXHQFH
VLPLODULW\'HVSLWHDSSDUHQWO\KLJKWUDQVFULSWOHYHOVZKLFKPD\UHVXOWIURPUHDGWKURXJKGRZQVWUHDPRIKLJKO\DF
WLYHRSHURQVZKHWKHUWKHUHLVSURWHLQFRGLQJIXQFWLRQRUQRWWKHVHORFLDUHQRWFRQVLGHUHGWREHSDUWRIWKH0/*8/






/RFXVWDJ 3XWDWLYHSURWHLQ,' E0/* 00*OF E0/*00*OF
%$&29$B    
%$&29$B    
%$&29$B *+   
%$&29$B 6LJPDUHJLRQ   
%$&29$B +7&6   
%$&29$B *+0/*   
%$&29$B 7%'7   
%$&29$B 6*%3$   
%$&29$B 6*%3%   
%$&29$B *+0/*   
%$&29$BE 7UDQVSRVDVH   
%$&29$BE +HOLFDVH   
%$&29$B    
%$&29$B    
 7DEOH6UHODWHGWR)LJXUH.LQHWLFSDUDPHWHUVRI%R*+0/*RQSRO\VDFFKDULGHVXEVWUDWHV

'DWDLVRQO\SUHVHQWHGIRUVXEVWUDWHVRQZKLFK%R*+0/*VKRZHGDFWLYLW\QRGHWHFWDEOHDFWLYLW\RQWDPDULQG[\
ORJOXFDQEHHFKZRRG[\ODQZKHDWDUDELQR[\ODQFDUREJDODFWRPDQQDQNRQMDFJOXFRPDQQDQFDUER[\PHWK\OFHOOX
ORVHK\GUR[\HWK\OFHOOXORVH[DQWKDQJXPDQGXOYDQDVGHWHUPLQHGE\%&$DQG+3/&DQDO\VHV1'QRWGHWHU
PLQHGLQFDVHVZKHUH0LFKHDOLV0HQWHQFXUYHILWWLQJZDVQRWIHDVLEOHLQGLYLGXDONFDWDQG.PYDOXHVDUHQRWUHSRUWHG
DQGNFDW.PYDOXHZDVGHWHUPLQHGIURPOLQHDUFXUYHILWWRLQLWLDOUDWHGDWDLQWKH>6@.PDSSDUHQWUDQJH'DWDDUH
UHSUHVHQWHGDVFXUYHILWSDUDPHWHUVVWDQGDUGGHYLDWLRQ
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

6XEVWUDWH NFDWV .PPJP/ NFDW.PVPJP/ $VVD\
EDUOH\0/*    %&$
ODPLQDULQ    %&$
\HDVWȕJOXFDQ    %&$
FXUGODQ 1' 1'  %&$
 7DEOH6UHODWHGWR)LJXUH.LQHWLFSDUDPHWHUVRI%R*+0/*RQFKURPRJHQLFVXEVWUDWHV

1$QRGHWHFWDEOHDFWLYLW\1'QRWGHWHUPLQHGLQFDVHVZKHUH0LFKHDOLV0HQWHQFXUYHILWWLQJZDVQRWIHDVLEOH
LQGLYLGXDONFDWDQG.PYDOXHVDUHQRWUHSRUWHGDQGNFDW.PYDOXHZDVGHWHUPLQHGIURPOLQHDUFXUYHILWWRLQLWLDOUDWH
GDWDLQWKH>6@.PDSSDUHQWUDQJH'DWDDUHUHSUHVHQWHGDVFXUYHILWSDUDPHWHUVVWDQGDUGGHYLDWLRQ
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




6XEVWUDWH NFDWV .PP0 NFDW.PVP0 $VVD\
*S13 1$ 1$ 1$ S13
*&13 1$ 1$ 1$ &13
**&13 1$ 1$ 1$ &13
***&13 1$ 1$ 1$ &13
**S13 1' 1'  S13
**&13 1' 1'  &13
***&13    &13
****&13    &13
 7DEOH6UHODWHGWR)LJXUH'DWDFROOHFWLRQDQGUHILQHPHQWVWDWLVWLFVIRU%R*+0/*VWUXFWXUHV

9DOXHVLQSDUHQWKHVHVUHSUHVHQWGDWDLQWKHKLJKHVWUHVROXWLRQVKHOO


 $SR%R*+0/*1%2 ****%R*+0/*
'DWDFROOHFWLRQ   
6SDFHJURXS & &
&HOOGLPHQVLRQV   
DEFc  
ĮȕȖq  
:DYHOHQJWKc  
5HVROXWLRQc ±± 
5PHUJH  
,ı,  
&RPSOHWHQHVV  
5HGXQGDQF\  
+DOIVHWFRUUHODWLRQ&&  
5SLP  
   
5HILQHPHQW   
5HVROXWLRQc ± 
1RUHIOHFWLRQV:RUN)UHH  
5ZRUN5IUHH  
1RDWRPV   
3URWHLQ  
/LJDQGVROYHQWLRQ  
:DWHU  
$YHUDJH%IDFWRUVc   
3URWHLQ  
/LJDQGLRQ  
:DWHU  
5PVGHYLDWLRQV   
%RQGOHQJWKVc  
%RQGDQJOHVq  
   
 7DEOH6UHODWHGWR)LJXUH'DOLVHDUFKUHVXOWV
D/DERXUHOHWDO
E0DVXGDHWDO
F)HUUHU
G-HQJHWDO
H,ODULHWDO
I&RWDHWDO
J/DERXUHOHWDO
K.UDKHWDO
L+DKQHWDOD
M+RQJHWDO
N+DKQHWDOE
O)XUWDGRHWDO



3'%,' 2UJDQLVP 3URWHLQ
QDPH
=VFRUH 506'c ,' $FWLYHVLWH 3UHGRPLQDQW
DFWLYLW\
&7( =REHOOLDJDODFWDQLYRUDQV =J/DP&    ȕEXOJH ODPLQDULQDVH
D
+<. 1RFDUGLRSVLVVS) %JO)    ȕEXOJH 0/*DVH
E
$7* &HOOXORVLPLFURELXPFHOOXODQV %JO,,    ȕEXOJH ODPLQDULQDVH
F
$=< 7KHUPRWRJDPDULWLPD /DP    ȕEXOJH ODPLQDULQDVH
G
9< 3\URFRFFXVIXULRVXV /DP$    ȕEXOJH ODPLQDULQDVHH
')6 7KHUPRWRJDSHWURSKLOD 7S/DP    ȕEXOJH ODPLQDULQDVH
I
%2: =REHOOLDJDODFWDQLYRUDQV =J/DP$    ȕEXOJH ODPLQDULQDVH
J
,/1 5KRGRWKHUPXVPDULQXV /DP5    ȕEXOJH 0/*DVH
K
0$& 3DHQLEDFLOOXVPDFHUDQV %JL   
UHJXODUȕ
VWUDQG 0/*DVH
L
'*7 6WUHSWRP\FHVVLR\DHQVLV &XUG    ȕEXOJH ODPLQDULQDVH
M
*%* %DFLOOXVOLFKHQLIRUPLV %J   
UHJXODUȕ
VWUDQG 0/*DVH
N
26 %DFLOOXVVXEWLOLV %JO6    UHJXODUȕVWUDQG 0/*DVH
O
 6XSSOHPHQWDO([SHULPHQWDO3URFHGXUHV
0LFURELRORJ\
%DFWHURLGHWHVUHYHUVHJHQHWLFVDQGJURZWKDQDO\VLV
)ODWERWWRPZHOOSODWHV&RVWDUZHUHORDGHGZLWK/RIVWHULOL]HGFDUERK\GUDWHVWRFNDWîFRQFHQ
WUDWLRQ$KRXUFXOWXUHZDVFHQWULIXJHGWRSHOOHWEDFWHULDUHVXVSHQGHGLQî00QRFDUERK\GUDWH001&DQG
XVHGWRLQRFXODWH001&DWDUDWLRRI(DFKFDUERK\GUDWHDUUD\ZDVORDGHGZLWK/RIWKHLQRFXODWHGî
PHGLXPWRSURGXFH/FXOWXUHVDWDILQDOEDFWHULDUDWLRRI$VVD\SODWHVZHUHVHDOHGZLWKDQRSWLFDOO\FOHDU
JDVSHUPHDEOHSRO\XUHWKDQHPHPEUDQH'LYHUVLILHG%LRWHFK%RVWRQ0$LQDQDQDHURELFFKDPEHU&R\PDQXIDF
WXULQJ*UDVV/DNH0,3ODWHVZHUHORDGHGLQWRD%LRVWDFNDXWRPDWHGSODWHKDQGOLQJGHYLFHFRXSOHGWRD3RZHUZDYH
+7DEVRUEDQFHUHDGHUERWKGHYLFHVIURP%LRWHN,QVWUXPHQWV:LQRRVNL97$EVRUEDQFHDWQP$ ZDV
PHDVXUHGIRUHDFKZHOODW±PLQXWHLQWHUYDOV
(Q]\PHORFDOL]DWLRQ
,PPXQRIOXRUHVFHQFHPLFURVFRS\
)OXRUHVFHQFHPLFURVFRS\ZDVSHUIRUPHGRQIL[HG%DFWHURLGHVRYDWXVǻWGNDQGǻ0/*8/FHOOV7KHFHOOV
ZHUHJURZQWRPLGH[SRQHQWLDOSKDVH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00ZLWKE0/*RUJOXFRVHZYDV
WKHVROHFDUERQVRXUFH7KHFXOWXUHVZHUHWKHQSHOOHWHGDQGZDVKHGZLWKSKRVSKDWHEXIIHUHGVDOLQH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IRUKDWURRPWHPSHUDWXUHZDVKHGZLWK
3%6DQGEORFNHGIRUKRXUVDW&LQEORFNLQJVROXWLRQJRDWVHUXP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0LQL3527($1
7*;70JHOV%LR5DG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7KHUPR)LVKHU6FLHQWLILF
&ORQLQJH[SUHVVLRQDQGSXULILFDWLRQRIUHFRPELQDQWHQ]\PHV
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1(%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3ULPHU1DPH 3ULPHUVHTXHQFH¶ĺ¶ 9HFWRU
%R*+0/*B) *$&*$&&$7$7*7&**$77&7*77**$$&* S(7
%R*+0/*B5 *$&*$&&7&*$*&7$7$$7$7777&$&&&$ S(7
%R*+0/*B) 7$&77&&$$7&&$$7*&&$7**77&&&$&7*&&$77&&7*$$ S0&6*
%R*+0/*B5 77$7&&$&77&&$$7*77$77$&77*&$7$7$$7$77&$*7*777*$ S0&6*
%$&29$BB) 7$&77&&$$7&&$$7*&&$7*$$&$$&$$$&&7$&7*$7$$&$ S0&6*
%$&29$BB5 77$7&&$&77&&$$7*77$77$77**$&&7&$$$$&7&&&&7 S0&6*
 H[FKDQJHGLQWRP0VRGLXPSKRVSKDWHS+XVLQJ9LYDVSLQFHQWULIXJDOILOWHUV*(+HDOWKFDUH$IWHUFRQFHQ
WUDWLQJDOLTXRWVZHUHIODVKIUR]HQLQOLTXLGQLWURJHQDQGVWRUHGDW q &3URWHLQSXULW\ZDVGHWHUPLQHGE\6'6
3$*(DQDO\VLVDQGPDVVZDVFRQILUPHGE\LQWDFWSURWHLQPDVVVSHFWURPHWU\RQD:DWHUV;HYR472)ZLWK
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